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Micro-Bump Bonding (MBB) method makes possible the micro-order direct bonding between IC 
electrode and circuit substrate electrode. The technology consists of three elements: an IC chip 
with bumps, a circuit substrate, and a bonding adhesive. The binding forces of the applied 
adhesive accomplish electrical connection between the bumps on the IC chip and the electrodes on 
the substrate. Stress analysis is made to estimate the contact force that the adhesive imposes to 
drag together the bumps of the IC and the electrodes of the substrate. An elastic model is assumed 
herein to determine the stress characteristic of the MBB structure. The stresses of the structures 
with gold bumps and compliant bumps are compared at various temperatures. Such a stress 
analysis is helpfil in determining which kind of bumps is more suitable for a given MBB structure. 
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Introduction 
Chip on glass (COG) technology promises 
the highest density, the fewest processing steps 
and the lowest cost for LCD packaging in the 
future. The Micro-Bump Bonding (MBB) 
technology is capable of yielding the highest 
density packaging in the COG technology; it 
may bring the interconnections between IC chip 
and substrate down to micrometer level. It's 
accomplished by using the binding forces 
created by the applied adhesive, when shrunk 
upon curing by U V  light, to make possible the 
electrical connection between the bumps on the 
IC chip and the electrodes on the substrate 
[1]-[2]. The strong binding force results in good 
electric contact between the bumps and 
electrodes. The process flow is shown in Fig. 1. 
Good connection between the bump and 
electrode should meet both the electric and 
mechanical property requirements. For better 
electric perfomance, the contact resistance is 
expected to be as low as possible, which 
requires a high binding force. However, too high 
in the binding stress may result in cracking of 
the adhesive or delamination in the neighboring 
layers. Additionally, the stress may vary with 
the variation of processing or operation 
temperature. The stress variation is desired to be 
as small as possible so that a stable electric 
. property can be obtained. 
Stress analysis is hence performed to 
compare two different kinds of bumps the stress 
profile during the bonding process and 
subsequent thermal cycling, and to evaluate 
which one is more suitable for the MBB process. 
Theoretical approach 
The sources of stress applying on the bump 
have two folds: (1) intrinsic stress arising during 
the compression and curing process and (2) 
thermal stress upon temperature change. The 
total bump stress is the sum of the intrinsic 
stress and thermal stress change. 
The applied force (F), as shown in Figs. 2(a) 
and (b), is totally taken by the bump during the 
compression process. The stress in the bump 
is (-) where Ab is the cross-sectional area 
of the bump. 
After curing, as shown in Figs. 2(b) and (c), 
the resin combined with the bump can be treated 
as two spring bodies in parallel. The release 
force is equal to the recoil force of the bump and 
resin, i.e. 
b 
F=(Kb +I(.) - hXbr..  . . . . . . . . . . . ... . . . . . . . ... (1) 
Here K is the coefficient of elasticity; b b r  is 
the recoil distance of the bump and resin after 
curing and the released forces. The b, r, and br 
are, respectively, the denotations for the bump, 
resin, and composite body of the bump and resin. 
Then: 
c 
The recoil force of the bump is: 
(+)K b ' 
c 
(Where E is Young's modulus; K~ = 
; xb is the height of the bump; 
Xb z x, ) 
The recoil stress of the bump becomes: 
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+ 
The strain of the bump upon temperature 
variation, gb,*, can be expressed in term of 
After the bonding process, summing the 
applied stress and the recoil stress give the 
intrinsic stress (a,) in the bump as: 
bb,, as 
( 5 )  ' b f  = 4 3  ......................... 
xbr + x b r  labdT 
From equations (3), (4), and (9, one obtains 
The Stress in the bump will be higher if the 
applied force is larger, the bump material is 
The corresponding thermal stress in the bump is 
Ot 2 E, X j(ar - a b ) ' d T  ..... ...( 7) 
softer, and the bump's cross-sectional area is Er ' Eb Ab 
The total stress in the bump is the sum of cri 
and a, as shown in equations (2) and (7). 
smaller. 
It is assumed here that temperature variation 
does not affect the structure of the materials, but 
the thermal coefficient of expansion (TCE), then, 
the TCE mismatch between the bump and 
adhesive will hence generate thermal stress upon 
temperature variation. 
If there is a temperature variation "dT", the 
natural length of the bump will become 
(xbr +xbr Ia,dT), wherea, is the TCE of the 
bump. Restricted by the presence of the resin, 
the actual length of the bump will 
Case study 
The ERSO's IC, 150 pins count, is used as 
an example to explore the stress induced by the 
MBB process. The total cross-sectional area of 
the IC chip is 41 mm2. The bump's structure is 
cylindrical and 0.lmm in diameter. Two kinds 
of bumps were analysed: 
(1) Au bump (Fig. 3(a)): height 25 ,lQn 
(2) Compliant bump (Fig. 3(b)) : height 10 ,fD?'Z 
become: (xbr + xbr /a,dT + Ax,,,) 
Ax,,, is defined as the length change of the 
bump due to the temperature variation. If IC 
chip and glass substrate are rigid bodies, then 
the height of the resin and bump should be the 
same. The actual length of the resin should be 
equal to (xbr + xbr jardT + Axr, , )  . One then 
obtains 
Results and discussion 
Fig. 4 shows the results of the calculated 
intrinsic stresses in the Au bump and compliant 
bump. The Au bumped IC and the compliant 
bumped IC have had the same pressure applied 
to them. However, the compliant bump exhibits 
about 10 times higher in the intrinsic stress than 
does the Au bump as shown in Fig. 4. Thus, if 
x,, + xbr Ja,dT + Ax,,, = xbr + xbr Ja,dT + Axr,, the compliant bump is used, it may hold larger 
intrinsic stress and the contact resistance in the 
electric joint would be lower. 
...................................................... (3) 
The forces in the bump and resin can be 
calculated according to the deformation 
magnitude. According to force balance, 
KbhbJ +KrhX,, = 0 
Fig. 5 shows the results of the calculated 
thermal stress for the two different bumps. The 
thermal stress variation is significantly larger for (4) ........................... 
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the Au bump. The compliant bump, however, 
exhibits smaller thermal stress variation during 
the same thermal cycling. This explains why the 
compliant bump shows more stable, more 
reliable, and lower contact resistance in the 
varying temperature environment. 
Conclusion 
Simplified mathematic formulae have been 
derived to estimate the intrinsic stress and 
thermal stress in a given bump structure applied 
in the MBB technology. The formulae have been 
used to calculate the stresses for two different 
bonding bump structures, i.e. the one with a pure 
Au bump and the other with a metaVpolymer 
compliant bump. The results are markedly 
different for the two different bumps. As 
revealed, a high intrinsic stress can be obtained 
by using a stiff resin or a soft bump metal. 
Minimizing the cross-sectional area of the bump 
metal is also very effective. The most effective 
way to minimize the thermal stress is to choose 
a resin and bump structure with a matching 
TCE. 
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Figure 1. The process flow of Micro-Bump 
Bonding technology: (a) resin coating, (b) 
Alignment, (c) applying pressure and W light 
exposure, and (d) removing pressure 
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Figure 2. Bump height variation during Micro-Bump Bonding process: (a) before applying pressure, 
(b) during applying pressure and W light exposure, and (c) after removing pressure - 
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Figure 3. Schematic illustrations of the bumps: 
(a) Au bumped IC, and (b) compliant bumped IC 
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Figure 4. The calculated intrinsic stress results 
for the two different bumps. The Au bump and 
compliant bump have had ,the same pressure 
applied to them, however, the compliant bump 
exhibits about 10 times higher in the intrinsic 
stress than does the Au bump. 
Figure 5 The calculated thermal stress results for 
the two different bumps. The compliant bump 
exhibits smaller thermal stress variation than the 
Au bump does during the same thermal cycling. 
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